A time-zero detector has been developed for use in reaction product mass identification which has as its novel feature a 180 0 isochronous transport of secon~ary electrons in a magnetic field. The secondary electrons produced when. particle's pass through a thin carbon foil are accel- In the second method, with the foil perpendicular to the flight path, electron transport is achieved using 11-13 either electrostatic lenses, 
4
lect~on.
The dispersion in electron collection times is usually significant but has sometimes been minimized by the use of large electron collection vOltages 2 ,4,6,7,12 of 12 to 24 kV. These voltages were often also needed because of the electron detectors employed.
Ideally an isochronous transport system for the secondary electrons is required which allows the foil to remain perpendicular to the fragment path and the detector to be placed in a location shielded from the beam. In the first model constructed of this device a small satellite peak appeared in the time spectrum a few nsec later than the main peak.
This problem was traced to the secondary electrons hitting the insensi- In summary we have produced an isochronous secondary-electron transport system which allows the foil to be perpendicular to the path of the fragments and the detector to. be shielded. In other devices 8 ,9
in which the detector views the foil directl~ x-rays may cause the detector signal to rise too soon. Also, our device preserves the position information by producing a one-to-one image of the foil. Although it is not further discussed in this article it should be possible to obtain position information by replacing the anode with a position sensitive detector, while obtaining time information of somewhat reduced quality from the back surface of the channel plate.
Handy Equations
For the design of such a device it is useful to have at hand some simple equations describing the non-relativistic behavior of electrons in electric and magnetic fields. In presenting these equations we will use the units: cm, volt, gauss, nsec, and radians. 
The time of flight when starting from rest in a uniform electric field
The radius of curvature (p) in a uniform magnetic field (H) is When an electron enters a uniform magnetic field region containing no electric field at an angle a to the x direction, the maximum x value obtained 
It follows that
I~t/~al = 114/H._
(8 )
The smallest channel plate available had a diameter of 2.5 cm with an active area diameter of 1.8 cm. In order to keep the device compact the radius of curvature was chosen to be 2 cm, thus separating the centers of the foil and channel plate by 4 em. The magnet gap was made just big enough to hold the channel plates, their mounting flange, and the high voltage insulators. The pole tips were then made big enough to give a homogeneous field in the region containing the electron trajectories, allowing one-half the gap size on the sides. A desire to use a modest.
acceleration voltage of about two kV then determined the desired magnetic field. These and other design parameters ar.e given in Table 1 .
A scale drawing of the mechanical arrangement is shown in Fig. 2.
An electrical schematic is shown in Fig. 3 . The anode is at ground potential. Two negative high voltage supplies are needed, one for the channel plates and one to provide the acceleration voltage. As will be shown in the next section, the suppression grid can have a wide range of voltages more positive than the front face of the first channel plate, and therefore was tied to the back of this channel plate. The suppression grid and acceleration harp are part of the Faraday cage forming an electrostatic field-free region for most of the electron transport.
The high voltage supply for the carbon foil is more negative than the acceleration harp and is adjusted for maximum transport efficiency as described below. With the divider chain network shown, the Faraday cage voltage is 61% of the channel plate voltage supply. Therefore the acceleration voltage between the carbon foil and harp is equal to the foil voltage minus 61% of the channel plate voltage.
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The design of the quarter-turn collimator which is summarized in Table I Table 3 , and time spectra are shown in Figs. 9(a) and 9(b). The differences in detection efficiencies for 4He and 160 ions are due to the higher yield of secondary electrons produced by the 160 ions.
In conjunction with the development of the present device we also tested a time-zero detector 8 ,9 which placed the foil at 45° with no magnetic transport. The results for 60 MeV 160 with a 127 ~m E detector (biased to give a minimum field of 2 volts/~m) are shown in (biased to give a minimum field of 2.5 volts/~m) and a 127 ~m E (2 volts/~m) are also shown in Fig. 9 (c) and Table 4 . From Table 4 it can be seen that the performance of the present time-zero detector is comparable with other fast timing devices. It should be pointed out that the present device has the advantages of: 1) minimum energy degradation of detected particle, 2) use over a very large range of masses and energies, 3) compactness and 4) optimum detector shielding from stray radiation.
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Suggested Improvements
The conical anode was shaped to have an impedance of 50 ohms and therefore reduce electrical reflections. If ringing is not going to be a prpblem, then the anode could be simply a flat plate. This would make more efficient use of the active area of the channel plate and allow a still more compact design, since the magnet could be made smaller. However, care must be taken that the variation in signal transport time across the plate does not contribute significantly to the time spread.
The rectangular slit in the quarter-turn collimator should actually be shaped like the arc of a circle. The length of the arc should be designed so that this second order effect is no larger than the first order effect due to the radial height of the slit.
If background is a problem, the shielding of the channel plate detector could be considerably improved. Essentially one could enclose it in a small box with pump-out baffles so that the only direct access is the slit of the quarter-turn collimator through which the electrons enter. At present the channel plates are sensitive to a nearby ionization gauge. Better shielding would also cure this problem.
Construction Details
The magnet was constructed of two pieces of 3/16 inch cold rolled steel joined at the top and bottom (by means of epoxy) with three Alnico V steel magnet bars. The Alnico V bars were purchased slightly longer than desired and were ground to the dimensions required. The It was determined that the channel plate discriminator had an electronic "walk" of 50 psec over the amplitude range used in these measurements.
NG attempt was made to correct the data for this walk. XBL 769-4069 LG ,TAC
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